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AIMS
The aim of the study was to evaluate the effect of an e-learning educational program meant to foster the quality of drug pre-
scription in hospitalized elderly patients.

METHODS
Twenty geriatric and internal medicine wards were randomized to intervention (e-learning educational program) or control (basic
geriatric pharmacology notions). Logistic regression analysis was used in order to assess the effect of the intervention on the use of
potentially inappropriate medication (PIM, primary outcome) at hospital discharge. Secondary outcomes were a reduced
prevalence of at least one potential drug–drug interaction (DDI) and potentially severe DDI at discharge. Mortality rate and in-
cidence of re-hospitalizations were other secondary outcomes assessed at the 12-month follow-up.

RESULTS
A total of 697 patients (347 in the intervention and 350 in the control arms) were enrolled. No difference in the prevalence of PIM
at discharge was found between arms (OR 1.29 95%CI 0.87–1.91). We also found no decrease in the prevalence of DDI (OR 0.67
95%CI 0.34–1.28) and potentially severe DDI (OR 0.86 95%CI 0.63–1.15) at discharge, nor in mortality rates and incidence of re-
hospitalization at 12-month follow-up.

CONCLUSIONS
This e-learning educational program had no clear effect on the quality of drug prescription and clinical outcomes in hospitalized
elderly patients. Given the high prevalence of PIMs and potential DDIs recorded in the frame of this study, other approaches
should be developed in order to improve the quality of drug prescription in this population.
© 2016 The British Pharmacological Society DOI:10.1111/bcp.12922
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WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT
• Older people usually have multiple chronic diseases, so that they are often exposed to chronic polypharmacy and to a high risk
of prescription of potentially inappropriate medications and drug–drug interactions.

• E-learning is a educational technology with several advantages, never used before for improvement of drug prescription in hos-
pitalized older people.

WHAT THIS STUDY ADDS
• This e-learning educational program failed to improve the quality of drug prescription in older patients acutely hospitalized in
internal medicine and geriatrics wards.

• But this randomized-controlled study confirms the high prevalence of PIM, DDI and severe DDI in hospitalized older people and
confirms that drug-related problems and drug–drug interactions are often underestimated issues among clinicians.
Introduction

In Western countries, people aged 75 years or older are the
fastest growing segment of the population, and will account
for more than 20% of the total population by 2060 [1]. This
group is characterized by the occurrence ofmultiple chronic dis-
eases, almost always accompanied by the use of multiple drugs
(polypharmacy) [1–3]. Polypharmacy has been associated with
negative outcomes, including adverse drug reactions (ADRs)
and increased risks ofmorbidity, mortality andmultiple hospital
admissions [2, 4]. Older people are usually frail andmore suscep-
tible to ADRs owing to changes in pharmacokinetics and phar-
macodynamics [5], so that ADR prevalence has been estimated
to range from 10% to more than 60% in hospitalized older per-
sons [6]. Although many ADRs are unpredictable, others can be
foreseen and prevented, such as those due to well-established
drug–drug interactions (DDIs) [6, 7]. This picture is further com-
plicated by the high risk of prescription of potentially inappro-
priate medications (PIMs), with a prevalence between 20% and
77% in hospital settings [8–10]. All in all, because the manage-
ment of drugs in the elderly represents a relevant challenge for
prescribing clinicians, geriatricians developed the Comprehen-
sive Geriatric Assessment (CGA) [11–14], a tool demonstrated
to help to prioritize health problems and needs, simplify drug
prescription and reduce the risk of drug-related problems [12].
Despite its widespread use, CGA is usually taught in formal
courses, while new technologies and teaching methods have
scarcely been implemented for this purpose. E-learning is a tech-
nology based upon the use of the internet to deliver an array of
educationalmaterials that enhance knowledge and performance
in comparison with more traditional educational methods [15,
16]. Other advantages are easy access and reduced costs [17, 18].

With this background, an investigator-driven, random-
ized, controlled pragmatic study (Project no. FARM87SA2B)
was designed, within the framework of the Italian Program
for Independent Research, in order to evaluate whether or
not an e-learning program teaching CGA and basic geriatric
pharmacological notions was able to improve the quality of
drug prescription in older patients hospitalized in internal
medicine and geriatric wards. Another aim was to assess the
impact of such an intervention on such clinical outcomes
as length of hospital stay, overall mortality and re-
hospitalization during a 12-month follow-up. A pilot study
was undertaken before starting the full project in order to
demonstrate its feasibility and to estimate the study sample
size [19].
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Methods

Study design
This is a cluster randomized, single-blind controlled study
(where the cluster was the hospital wards) performed in 20
Italian internal medicine and geriatric wards.

Study population
All patients aged 75 years or over consecutively admitted to
the participating wards were eligible. Exclusion criteria were
consent refusal or estimated life expectancy of less than
6 months.

Ward selection
Ten internal medicine and ten geriatric wards of Italian hospi-
tals were selected. Among these, ten were academic and ten
were not academic wards. The wards participating in the pilot
phase remained in the same randomization arm in the full
study.

Intervention
All physicians in the participating wards were involved in the
study. Every clinician had to finish his/her e-learning pro-
gram within 1 month from the start of the study in his/her
ward. The enrolment of patients began soon after the com-
pletion of training.

E-learning platform. E-learning was delivered through an
interactive web-based platform accessed by a personal
identification code and password. A system meant to assess
the implementation and completion by clinicians of the e-
learning training was also set up. An automatic electronic
system recorded and rated for each participating clinician
the number of access occasions, the time spent on each e-
learning module, the right/wrong answers and the number
of attempts needed to complete each module correctly.

Contents of e-learning for the intervention arm. The program
delivered to clinicians on the wards randomly assigned to
the intervention arm included notions of CGA and geriatric
pharmacology, together with training for the use of a third
generation assessment instrument (InterRAI Acute Care)
[20, 21]. The course on geriatric pharmacology was
structured in three main areas and five modules as follows:
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Area 1: main concepts of CGA (Module A). Area 2: general
geriatric pharmacology notions (Module B). Area 3:
prescription appropriateness and related issues in older adults:
(a) assessment and management of patients exposed to
polypharmacy (Module C); (b) criteria and tools for the
revision and evaluation of prescription appropriateness in
older people, such as Beers Criteria, Screening Tool of Older
Person’s Prescriptions (STOPP), Assessing Care of the
Vulnerable Elderly (ACOVE), Inappropriate Prescribing in the
Elderly Tool (IPET) and the Medication Appropriateness Index
(MAI) (Module D); (c) criteria and tools to evaluate potential
drug–drug interactions (Module E). The access to and
utilization of each teaching module was linked to a self-
evaluation test and to specific centralized controls. Each
module was divided in four sub-modules that each participant
completed with specific case reports and questions. The
INTERcheck® software, a computerized prescription support
system [22], was made available to clinicians in the
intervention arm through the interactive web-based platform,
separately from the electronic clinical report form.

Contents of e-learning for the control arm. The e-learning
program for clinicians of the control arm consisted only of a
refresher on the basic notions of geriatric pharmacology
using Module B as a weapon.

Primary and secondary study outcomes
The primary outcome of the study was whether or not there
was a reduction in the prescriptions at hospital discharge of
PIMs, as defined by the updated (2012) Beers Criteria [23,
24]. Patients were considered exposed to PIM if at least one
of the Beers Criteria was met. Secondary outcomes were
whether or not at discharge there was a reduction of prescrip-
tion of potential DDIs (PDDIs) or potentially severe DDIs, and
to evaluate the clinical impact of the integrated e-learning
intervention on the length of hospital stay, mortality and
incidence of any re-hospitalization during the 12-month
follow-up period. The presence of potential DDIs regarding
the 20 most frequently prescribed combinations was defined
by the presence at discharge of at least one combination of
potentially interacting drugs. The INTERcheck® software
was used to detect PIMs and DDIs [22].

Sample size
We assumed that the baseline rate of PIM in both groups would
be 25% [8]. The criterion for statistical significance (alpha) was
set at 0.05 and the test was two-tailed. With a proposed sample
size of 250 cases and 250 controls, the study has a power of 80%
to yield a statistically significant result in the presence of a 10%
difference in PIM rate (specifically, 25% vs. 15%). As the unit of
randomizationwas themedical ward, a correction factor was in-
troduced based upon an estimated 0.01 intraclass correlation co-
efficient, yielding the total number of 350 cases and 350
controls to be enrolled in the study. This sample size was con-
firmed by the feasibility pilot study results [19].

Randomization
The 20 hospital wards were centrally randomized to the
intervention (n = 10) or control arm (n = 10). All physicians
received a personal user identification code and a password
to access the e-learning platform, which provided access only
to the ward assigned by randomization to e-learning. The
randomization of wards was balanced taking into account
clinical specialty (geriatric or internal medicine), academic
setting or not and the allocation group assigned in the feasi-
bility pilot study [19].
Blinding
The individual patient codes and the codes of participating
wards and physicians were anonymized. All investigators in-
volved in data collection were blinded to arm allocation.
Ethical aspects
The study was conducted in accordance with Good Clinical
Practices and was regulated by the latest revision of the
Helsinki Declaration. All the data were managed according to
the Italian law on privacy, and all enrolled patients were appro-
priately informed about the study aims and were requested to
sign a written consent. No experimental procedure was per-
formed on patients outside best routine clinical practice. The
studywasfirst approved by the Ethical Committee of the coordi-
nating clinical unit (IRCCS Cà Granda Maggiore Hospital Foun-
dation,Milan, Italy) and then also by the Ethical Committees of
all other participating hospitals.
Statistical analysis
To analyze the primary outcome, we assessed the primary end-
point (difference between intervention and control arms in
the prevalence of subjects with at least one PIM at discharge)
by means of a logistic regression analysis without covariates
in the intention-to-treat population (697 patients). For
patients who died in hospital (nine and six in the treatment
and control arms, respectively), the last available in-hospital
drug regimen was used to define PIM and DDI. Since the
mean number of diagnoses at baseline was different between
the two study arms, a further analysis was performed using as
covariate the number of diagnoses. The same analyses were
repeated in the subpopulation of patients on polypharmacy.
We also tested whether or not the prevalence of patients
who increased their number of PIMs was different between
the two arms, using logistic regression. Per-protocol analyses
were also performed on patients discharged alive. Clustered
robust standard errors were employed in order to correct for
non-independence among subjects, both for primary and
secondary outcomes. We also explored whether or not an
association existed between mean number of errors made by
clinicians during the training phase and the presence of at
least a PIM. To this end we used a multilevel logistic
regression analysis among the ten centres randomized to
intervention and separately among the control centres. The
number of errors is defined as the number of wrong attempts
made by the doctors of each ward before getting the right
answer to the test questions.

To analyze the secondary outcomes, differences in preva-
lence regarding the presence of at least one potential DDI or
potentially severe DDI at discharge were treated in the same
way as PIM. Survival analysis was used to explore the effects
on mortality and re-hospitalization rates of the intervention
arm at 12 months of follow-up using a log-rank test. Data
Br J Clin Pharmacol (2016) 82 53–63 55
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were analysed using JMP Pro v. 11 (SAS Institute Inc.) and
Stata IC 13.1 (Stata Inc.).
Results
Figure 1 provides the flow chart of the study. Ninety per cent of
the clinicians involved in the study completed the e-learning
program. Between January and June 2013, 1715 patients (814
Figure 1
Study flow chart. CGA: Comprehensive Geriatric Assesment; GPNs: Geriatri
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in the intervention and 901 in the control arms) were admitted
to the 20 hospital wards and were assessed for eligibility. Among
them, a total of 697 patients (347 intervention and 350 control)
were ultimately included in the study.
Sample characteristics
Baseline characteristics at hospital admission and discharge of
the 697 patients randomized to intervention or control are
shown in Table 1. There were no between-arm statistically
c pharmacological notions



Table 1
Patient characteristics at hospital admission and discharge in relation to the allocation arm

Intervention arm
n = 347

Control arm
n = 350

Socio-demographic variables

Females, n (%) 205 (59.1) 197 (56.3)

Age (years), mean (±SD) 83.7 (±5.9) 83.8 (±5.6)

Age groups, n (%)

<85 208 (60,0) 207 (59,1)

<85 139 (40.0) 143 (40.9)

Education (years), mean (±SD) 7.2 (±4.2) 6.5 (±3.9)

Marital status, n (%)

Married 137 (39.5) 137 (39.1)

Widow/er 171 (49.3) 181 (51.7)

Single (alone,separated, divorced) 28 (8.1) 24 (6.9)

Missing 8 (2.3) 8 (2.3)

With whom lives, n (%)

Alone 85 (24.5) 83 (23.7)

With partner o children 170 (48.6) 217 (62.0)

Other 40 (11.5) 20 (5.7)

Missing 52 (15.0) 30 (8.6)

Caregiver, n (%)

Yes 173 (49.9) 172 (49.1)

No 174 (50.1) 162 (46.3)

Missing 0 16 (4.6)

Risk factors

Smoke, n (%)

Never smoker 176 (50.7) 183 (52.3)

Past smoker 118 (34.0) 116 (33.1)

Smoker 32 (9.2) 23 (6.6)

Missing 21 (6.1) 28 (8)

Consumer of alcohol, n (%)

Never drinker 230 (66.3) 241 (68.9)

Past drinker 16 (4.6) 25 (7.1)

Drinker 78 (22.5) 54 (15.4)

Missing 23 (6.6) 30 (8.6)

Clinical variables

Previous 6-month hospital admission, n (%) 98 (28.2) 84 (24.0)

Barthel Index, mean (±SD) 71.6 (±30.9) 71.3 (±29.8)

Barthel Index, n (%)

0–24 31 (11.2) 34 (9.7)

25–49 29 (8.4) 41 (11.7)

(continues)

E-learning to improve drug prescription
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Table 1
(Continued)

Intervention arm
n = 347

Control arm
n = 350

50–74 60 (17.3) 51 (14.6)

75–90 63 (18.1) 69 (19.7)

91–100 133 (38.3) 118 (33.7)

Missing 31 (6.7) 37 (10.6)

Geriatric Depression Scale (GDS), mean (±SD) 1.32 (±1.2) 1.29 (±1.2)

Mini Mental State Examination (MMSE), mean (±SD) 23.5 (±5.9) 22.6 (±6.0)

Mini Mental State
Examination (MMSE), n (%)

0–17 44 (7.9) 54 (15.4)

18–23 76 (21.9) 84 (24.0)

24–30 183 (52.7) 156 (44.6)

Missing 44 (7.9) 56 (16.0)

Admission Discharge

Intervention arm
n = 347

Control arm
n = 350

Intervention arm
n = 347

Control arm
n = 350

Number of diagnoses, mean (±SD) 7.5 (±3.4) 6.0 (±2.8) 8.2 (±3.4) 6.5 (±2.9)

5 or more diagnoses, n (%) 310 (89.3) 292 (83.4) 298 (85.9) 254 (72.6)

CIRS comorbidity index, mean (±SD) 3.7 (±1.9) 3.1 (±1.7) 3.8 (±2.0) 3.2 (±1.9)

CIRS comorbidity index < 3, n (%) 173 (49.9) 221 (63.1) 158 (45.5) 206 (58.9)

CIRS comorbidity index > 3, n (%) 174 (50.4) 129 (36.9) 189 (54.5) 144 (41.1)

CIRS severity index, mean (±SD) 1.7 (±0.3) 1.6 (±0.3) 1.8 (±0.3) 1.7 (±0.3)

Number of drugs, median (interquartile range) 7 (4–9) 7 (4–9) 7 (5–10) 7(5–9)

Number of drugs, mean (±SD) 6.3 (±3.3) 5.7 (±3.1) 7.4(±3.7) 7.6(±3.5)

Number of drugs, n (%)

0 3 (0.9) 10 (2.8) 2 (0.6) 1 (0.3)

1–4 110 (31.7) 104 (29.7) 72 (20.7) 46 (13.1)

≥5 234 (67.4) 236 (67.4) 273 (78.7) 303 (86.6)

CIRS, Cumulative Illness Rating Scale.

C. Franchi et al.
significant differences pertaining to socio-demographic variables,
risk factor and clinical variables, except for the number of
diagnoses (P < 0.0001), CIRS comorbidity index (P < 0.0001)
and CIRS severity index (P < 0.0001) both at admission and dis-
charge. Both in the intervention and control arms the most fre-
quent comorbidities were hypertension (274/347, 79% vs.
281/350, 80%), chronic kidney disease (92/347, 26% vs. 81/350,
23%) and ischemic heart disease (73/347, 21% vs. 69/350, 20%).

At discharge the prevalence of patients on polypharmacy
(defined as five or more drugs) increased in both groups in
comparison with hospital admission (79% and 87%, respec-
tively). The most frequently prescribed active substances
were furosemide (163/347, 47.0% vs. 190/350, 54.3% in the
intervention and control arms, respectively), acetylsalicylic
acid (122/347, 35.1% vs. 134/350, 38.3%) and bisoprolol
(77/347, 22.2% vs. 82/350, 23.4%).
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Primary and secondary outcomes
Overall, 292 (42%) participants were discharged with at least
one PIM, 617 (88%) with at least one potential DDI and
391(56%) with at least one potentially severe DDI. Table 2
shows that there was no difference between the intervention
and control arms regarding the prevalence of these events. In
the intention-to-treat analysis, the great majority of patients
with PIMs had only one PIM (79% and 82%, respectively for
intervention and control), 18% and 17% had two, while a
very small number (3% and 1%) had three or more PIMs. A
very similar situation was found for per-protocol (PP)
analysis. The PIM most frequently prescribed at discharge
in the intervention and control arms were acetylsalicylic acid
(49/347, 14.1% vs. 49/350, 14%), benzodiazepines (41/347,
11.8% vs. 26/350, 7.4%), antiarrhytmic drugs (22/347, 6.3%
vs. 21/350, 6%) and ticlopidine (20/347, 5.8% vs. 18/350,



Table 3
First ten potentially severe DDIs at hospital discharge among the intervention (347 patients) and control (350 patients) arms

Patients, n

Drug combination Potential adverse events Intervention arm Control arm

Hydrochlorothiazide +
proton pump inhibitor

Increased risk of hypomagnesemia 17 11

Statin* + calcium antagonist† Increased risk of myopathy including rhabdomyolysis 26 25

Digoxin + furosemide Increased risk of digoxin toxicity 8 17

Digoxin + proton pump inhibitor Increased risk of digoxin toxicity 9 16

Potassium-sparing diuretics +
ACEIs or ARB

Increased risk of hyperkalemia 17 24

Clopidogrel + atorvastatin Reduction in clinical efficacy of clopidogrel
and increased risk for thrombosis

6 12

Clopidogrel + proton
pump inhibitor‡

Reduction in clinical efficacy of clopidogrel
and increased risk for thrombosis

10 16

ASA + SSRI Increased risk of hemorrhage 12 13

Simvastatin + warfarin Increased risk of hemorrhage 7 9

Allopurinol + warfarin Increased risk of hemorrhage 2 8

Amiodarone + warfarin Increased risk of hemorrhage 4 6

*Simvastatin, atrovastatin. †Amlodipine, verapamil or diltiazem. ‡Excluding pantoprazole. ACEIs, angiotensin converting enzymes inhibitors; ARB,
angiotensin II receptor blockers; ASA, acetylsalicylic acid; SSRI, selective serotonin re-uptake inhibitors.

Table 2
Results of primary and secondary outcomes: prevalence of at least one PIM, DDI and severe DDI at discharge

Intention-to-treat analysis Per protocol analysis

Intervention
arm
n (%)

Control
arm
n (%)

Odds ratio*
(95%CI) P-value

Intervention
arm
n (%)

Control arm
n (%)

Odds ratio*
(95%CI) P-value

Primary outcome

At least one PIM 155 (44.7) 137 (39.1) 1.29 (0.87–1.91) 0.2 136 (43.3) 126 (39.4) 1.20 (0.80–1.80) 0.3

Secondary outcomes

At least one potential DDI 297 (85.6) 320 (91.4) 0.67 (0.34–1.28) 0.2 268 (85.4) 290 (90.1) 0.72 (0.36–1.42) 0.7

At least one potentially
severe DDI

187 (53.9) 204 (58.3) 0.86 (0.63–1.15) 0.3 151 (48.1) 180 (56.3) 0.85 (0.63–1.16) 0.3

DDI, drug–drug interaction; PIM, potential inappropriate medication. *Adjusted for wards and number of drugs.
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5.1%). Table 3 shows the prevalence of the first ten
potentially severe DDIs prescribed at hospital discharge. The
combination of a statin (simvastatin or atorvastatin) with a
calcium antagonist (amlodipine, or verapamil or diltiazem)
were the most frequent DDIs in both groups (Table 3).

When those patients taking a higher number of PIM at
discharge than on admission were analysed, there was no dif-
ference between intervention and control arms (OR 0.98 95%
CI 0.57–1.68; P = 0.98). In the subgroup of patients treated
with polypharmacy, there was no difference between the
two arms for the prevalence of at least one PIM (OR 1.11
95%CI 0.70–1.76; P = 0.47), one potential DDI (OR 0.51
95%CI 0.23–1.13; P = 0.10) and one potentially severe DDI
(OR 0.97 95%CI 0.66–1.43; P = 0.88).

The multilevel association in the intervention arm be-
tween number of errors and presence of PIMs was statistically
significant (P = 0.01): however, this result was mainly due to a
single centre, as removing it made the association statistically
nonsignificant. Centres in the control arm did not show a sta-
tistically significant association (P = 0.09).

No differences between arms were also observed for
mortality rate and incidence of re-hospitalization at the
12-month follow-up (Figure 2 A,B). The mean length of
hospital stay was even higher in the intervention than
Br J Clin Pharmacol (2016) 82 53–63 59
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Figure 2
Secondary outcome results: (A) survival and (B) incident re-hospital-
ization rates at 12-month follow-up

C. Franchi et al.
in the control group (12.6 vs. 11.3, P = 0.038). No
clinician allocated to the intervention arm downloaded
and used the available and recommended INTERcheck®

software.
Discussion
E-learning tools continue to proliferate as methods for medi-
cal education in several contexts, that usually emphasize
their validity. Nevertheless, this randomized controlled study
showed that an e-learning educational program based on the
concepts of CGA and reinforced knowledge of geriatric
pharmacology notions failed to improve the quality of drug
prescription in older patients acutely hospitalized in internal
medicine and geriatrics wards.
60 Br J Clin Pharmacol (2016) 82 53–63
Why was this study conceived?
The high prevalence of PIM found in the framework of large-
scale European epidemiological studies [3, 7] establishes the
need for clinicians to improve their drug prescription
capacity. Accordingly, in the framework of our own study,
42% of older people were discharged from hospital wards
with at least one PIM, 88% with at least one potential DDI
and 56% with at least one potentially severe DDI. Further-
more, only very few ADRs were reported, suggesting under-
recognition of these important events. Notwithstanding the
high experience of clinicians from these wards in the
management of older people with multimorbidity, the drug-
related problems and drug–drug interactions are still often
underestimated issues. Moreover, some studies have shown
that junior doctors are more likely to make a prescribing error
in their first 2 years of practice [25–27].

Another issue to be considered is that, although several
methods (such as medication reviews and reconciliation)
[28, 29], educational programs (e-learning or traditional) or
computerized prescription support system (CPSS, e.g.
INTERcheck®) [22, 30] are available in different settings to
help clinicians optimize drug prescription, surprisingly no
clinical ward in the intervention arm of this study used the
software made available (INTERcheck®). This occurred in
spite of the fact that the software was previously demon-
strated to be associated with a significant reduction of PIMs
and of new onset of potentially severe DDIs in older patients
hospitalized in a geriatric ward [22]. This is perhaps due to the
fact that few medical wards in Italy have the habit of using
electronic medical records associated with CPSS, leading to
an underestimation of drug-related problems and to medica-
tion errors by clinicians. On the other hand, it must be
emphasized that usually hospital pharmacists are not
involved in drug prescription in the framework of clinical
practice, notwithstanding the fact that the presence of an
expert pharmacist in a multidisciplinary team dealing with
prescription review is an efficient method to optimize
prescription and improve patient outcomes [31–34].
Furthermore, lack of interest in drug-related problems could
also be concluded from our results. In fact, there was an asso-
ciation between a low number of errors made by clinicians in
the e-learning test and a low prevalence of PIM at discharge,
thus demonstrating that the active involvement of clinicians
may be an important factor in positive outcomes.
Why was our e-learning approach
unsuccessful?
E-learning strategies meant to support prescription may
include different approaches: passive (fixed text, lectures),
facilitated learning (direct link to on-line resources), interac-
tive learner-system (partially simulated reality, where the
learners interact with a system that provides feedback based
upon inputs), learner/teacher (close communication be-
tween learner and teacher), and virtual reality learner-
systems in which the reality, i.e., the scenario of a hospital
ward and the decisions taken with the related consequences,
are simulated virtually [18]. Our approach was a mix between
passive and interactive learner systems, because static texts
and pictures were delivered together with self-assessment
exercises with feedback, including multiple-choice questions
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on a case report simulating a prescription scenario. Because
we attempted to meet all the prerequisites for developing a
successful e-learning program (academic expertise of
teachers, easy and acceptable platform, a check system of
clinical performance, planned and logical contents) [18], a
possible explanation for the poor efficacy of this e-learning
program is its low level of interactivity, which failed to
enhance learning retention. Indeed, interactive approaches
have given more successful results. For instance, using an
animate feature function to move images and text within
slides or using spoken words and videos to describe a figure,
Gordon et al. demonstrated an improvement in prescribing
skills in paediatric trainees undergoing an e-learning inter-
vention [35]. Wong et al. concluded that interactivity is
highly valued by learners because they are keen to enter into
a dialogue with the course tutor, fellow students and/or a
virtual tutor and thus obtain ongoing feedback on their
understanding and performance [36]. Moreover, education
and training using simulation techniques and reproducing
reliable clinical scenarios are validated methods to empower
expertise in healthcare through improvement of decision
making and clinical judgment processes in ordinary and
complex clinical situations [37]. In addition, many factors
could contribute to the poor quality of prescribing and pre-
scription of PIMs. Poor knowledge of clinicians is just one of
these. For instance, the study of Reeve et al. [38] showed that
the decision to stop an inappropriate medication is influ-
enced by multiple patient barriers and enablers. Accordingly
only a multifaceted intervention involving different strate-
gies and stakeholders (not only physicians but also patients,
nurses, caregivers, etc.) would be required in order to truly
obtain an improvement of prescription quality.

Besides the aforementioned possible reasons for the
negative results of this e-learning effort, a number of limita-
tions of our study design must be mentioned. For instance,
participating clinicians were not blind to study aims and
treatment allocation, so that those randomized to the control
arm may have increased their attention toward the issue of
prescription quality, flattening the differences with the
intervention arm. Furthermore, the study did not introduce
limitations in the characteristics of the wards included, some-
times making the collection of data difficult, for example
during the follow-up phase if a phone was not present in
the ward. In addition, we did not collect any data on
clinicians’ characteristics. However, the randomization and
the intervention were done at the ward level, thus we did
not expect differences among the mean values of these
characteristics. Moreover, not having scores before the
exposure to the e-learning process, and not having a direct
link between a physician and a patient, we cannot evaluate
the improvement in theoretical knowledge or the effect on
the single physician, as was done in other studies [39].
Furthermore, we calculated the time taken to complete the
e-learning modules and the errors made by physicians, by
arm and by wards, but we had only one time point in which
the measures were taken. Therefore, during e-learning we
could not assess any possible improvement. We were also
unable to separate time effectively devoted to e-learning from
time during which the program was left unattended, so even
if clear outliers were removed we had an extremely dispersed
distribution of these durations. Also, as the patients were
cared for collectively by physicians on the same ward, it was
impossible to relate the data of a single physician to the out-
come on a single patient (PIMs). Finally, it must be pointed
out that not all DDIs are to be considered inappropriate (e.g.
the combination of potassium-sparing diuretics with ACEIs
or ARB may be prescribed under strict monitoring of potas-
sium levels).

In conclusion, this e-learning educational program, teaching
CGA and geriatric pharmacological notions, failed to improve
clinician drug prescription for hospitalized older patients. On
the other hand, the data obtained confirm once more the high
degree of inadequacy of hospital clinicians to deal with the issue
of drug prescription appropriateness. Hence, other approaches
and different educational programs should be devised and
evaluated in order to improve clinicians’ prescription in hospital-
ized older people with multimorbidity.
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